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UV radiation and organic matter (OM) composition are known to inﬂuence the species
composition of bacterioplankton communities. Potential effects of UV radiation on bacterial
communities residing in sediments remain completely unexplored to date. However, it
has been demonstrated that UV radiation can reach the bottom of shallow waters and
wetlands and alter the OM composition of the sediment, suggesting that UV radiation may
be more important for sediment bacteria than previously anticipated. It is hypothesized
here that exposure of shallow OM-containing sediments to UV radiation induces OM
source-dependant shifts in the functional composition of sediment bacterial communities.
This study therefore investigated the combined inﬂuence of both UV radiation and OM
composition on bacterial functional diversity in laboratory sediments. Two different OM
sources, labile and recalcitrant OM, were used and metabolic diversity was measured
with Biolog GN. Radiation exerted strong negative effects on the metabolic diversity in
the treatments containing recalcitrant OM, more than in treatments containing labile OM.
The functional composition of the bacterial community also differed signiﬁcantly between
the treatments. Our ﬁndings demonstrate that a combined effect of UV radiation and
OM composition shapes the functional composition of microbial communities developing
in sediments, hinting that UV radiation may act as an important sorting mechanism
for bacterial communities and driver for bacterial functioning in shallow waters and
wetlands.
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INTRODUCTION
Several studies have demonstrated that UV radiation may affect
bacterioplankton communities (e.g., Baldy et al., 2002; Piccini
et al., 2009; Zepp et al., 2011), exerting detrimental effects on DNA
or extracellular enzymes (e.g., Santos et al., 2012a; for review, see
Ruiz-González et al., 2013). In addition, UV radiation may change
the chemical composition and palatability of organicmatter (OM)
by photodegradation (e.g., Engelhaupt et al., 2002; Sulzberger and
Durisch-Kaiser, 2009). Such changes in the chemical composi-
tion of OM may subsequently cascade toward shifts in bacterial
community composition due to the interplay between bacterial
resource niches (i.e., the type of substrates that are utilized) and
available resources (e.g., Salles et al., 2009). This suggests that the
functional composition of bacterial communities may also change
when exposed to UV radiation. Several studies indeed demon-
strated that photolytic changes of OMcan result in alteredbacterial
production (e.g., Wetzel et al., 1995; Anesio et al., 2000; Tranvik
and Bertilsson, 2001) or composition of bacterioplankton com-
munities (Paul et al., 2012), and thatUVradiation can induce shifts
in the functional composition of bacterioplankton communities
(Santos et al., 2012b).
To date, potential effects of UV radiation on bacterial com-
munities residing in sediments remain completely unexplored.
However, UV radiation can penetrate the entire water column
and reach the bottom of shallow water bodies and wetlands (e.g.,
Morris et al., 1995), and alter the OM composition of the sed-
iment (Mayer et al., 2011), suggesting that UV radiation may be
more important for sediment bacteria than previously anticipated.
It is hypothesized here that exposure of shallow OM-containing
sediments to UV radiation induces shifts in the functional com-
position of sediment bacterial communities. To begin to test
this assumption, we compared the effect of UV radiation and
dark incubation on bacterial metabolic diversity in sediment
microcosms. Since composition of the available OM is one
of the main drivers of bacterial community composition (e.g.,
Hättenschwiler and Vitousek, 2000; Myers et al., 2001; Baldy et al.,
2002; Docherty et al., 2006; Kampfraath et al., 2012), and UV
radiation differentially affects different OM sources (Benner and
Kaiser, 2011), we assessed the effects of UV exposure on bac-




Freshly collected stinging nettle, Urtica dioica, was used as a
labile OM source, and intact peat collected from natural peat-
lands was used as recalcitrant OM source. UV-absorption spectra
of extracts of the used OM sources conﬁrmed that U. dioica was
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a labile OM source (weak absorbance) and peat a recalcitrant
source (strong absorbance; data not shown). Both nettle and
peat were frozen in liquid nitrogen and thoroughly ground in a
pestle and mortar. Quartz sand (0.1–0.5 mm; Dorsilit, Eurogrit,
Papendrecht, Netherlands) was mixed with either the labile or
recalcitrant OM source (95:5 weight ratio sand:OM source with
ﬁnal dry weight OM concentrations of 0.63 and 0.52% for labile
and recalcitrant OM, respectively), and then autoclaved. 5 mL of
each prepared sediment was subsequently added to ﬁve micro-
cosms, i.e., ﬁve replicates per treatment [plastic round vials
(Greiner Bio-One, Germany): 27 mm diameter, 5 cm height],
resulting in ∼1 cm sediment layer. Each microcosm received
2 cm of overlying water (Dutch Standard Water, DSW; deion-
ized water with 200 mg/L CaCl2.2H2O, 180 mg/L MgSO4.H2O,
100 mg/L NaHCO3, and 20 mg/L KHCO3; pH = 8.2 ± 0.2).
A mixture of sediment pore water and surface water collected
from two different natural wetland systems was added as bacterial
inoculum.
EXPERIMENTAL SET UP
Microcosms were incubated at 15◦C under a dark:UV regime of
12 h:12 h. We used mercury UV-lamps (Arcadia-D3, Redhill, UK:
160 W; luminous ﬂux 1900 lm) that emits UV radiation of the
following intensities: UV-B 1.75 W.m−2 at 310 nm; and UV-
A 10 W.m−2 at 365 nm. These intensities of UV radiation are
commonly registered in temperate areas (Kelly et al., 2003). The
duration of the incubation was 5 days. An additional set (n = 5) of
microcosms of both OM types was incubated in the dark as con-
trol. This yielded a total of four treatments, consisting of: (1) labile
OM with UV radiation; (2) labile OM in the dark; (3) recalcitrant
OM with UV radiation; and (4) recalcitrant OM in the dark. After
5 days, bacterial metabolic diversity was determined as described
below.
COMMUNITY METABOLIC DIVERSITY
Community metabolic diversity (CMD) in the sediment was
assessed by community level physiological proﬁling (CLPP) using
Biolog GN microplates containing 95 unique single substrates
(Biolog, Inc., Hayward, USA; Garland and Mills, 1991). Biolog GN
plates are comprised of simple, common substrates (e.g., sucrose,
mallose, and citric acid), and do not include recalcitrant substrates
nor speciﬁc substrates typical of the OM used in this study. It is
therefore impossible to directly relate substrate utilization proﬁles
to the actual functioning of the developed bacterial communities.
Nonetheless, the number of substrates used can serve as a proxy
of the metabolic diversity of the bacterial community, and dif-
ferences in utilization proﬁles indicate that functionally distinct
bacterial communities can develop depending on treatment (Gar-
land, 1999; Hunting et al., 2013a). At the end of the experiment
(day 5), 1 mL of the sediment top layer with minimal water was
sampled with a pipette, diluted 30× with DSW and vortexed.
Mineral substrate was allowed to settle and the overlying water
containing the porewater bacteria was subsequently distributed
over the 96 Biolog GN wells (Hunting et al., 2013b). Plates were
incubated for 36 h at 37◦C and utilization patterns of 95 different
single carbon sources were measured at 490 nm using an auto-
mated microplate reader (VERSAmax tunable microplate reader,
Molecular Devices, Sunnydale, USA). This data was used to calcu-
late theCMD, i.e., the total number of substrates utilized (Garland,
1997) using a threshold absorbance of 0.15, and analyzed with a
two-way ANOVA (analysis of variance) and Tukey’s HSD (hon-
estly signiﬁcant difference) post hoc test. To relate the bacterial
functional composition to the four treatments, utilization patterns
of the 95 carbon sources were analyzed using a Bray–Curtis-based
cluster analysis and a two-way analysis of similarities (ANOSIM;
Hammer et al., 2001).
RESULTS
Effects of UVon themetabolic diversity of the different treatments
are presented in Figure 1. No signiﬁcant difference was observed
between the UV exposure and the control dark incubation in
the sediments containing labile OM. In contrast, UV expo-
sure signiﬁcantly reduced the CMD in the treatments containing
recalcitrant OM (two-way ANOVA, Tukey’s HSD, p = 0.004;
Figure 1).
In addition to the number of substrates used by the bacte-
rial community, we assessed which set of substrates was used
by the bacteria to compare the functional composition of the
communities that developed during the incubation. A two-way
ANOSIM revealed that the bacterial resource niches differed sig-
niﬁcantly between treatments depending on both radiation and
OM type (two-wayANOSIM:UV radiationR = 0.536, p= 0.0007;
OM R = 0.302, p = 0.0146, respectively; Figure 2), show-
ing that the developed bacterial communities were functionally
distinct.
DISCUSSION
UVradiation diminished the number of organic substrates used by
the bacteria and resulted in a dissimilarity of substrate use between
bacterial communities. This outcome was most evident when peat
was used as substrate. The potential detrimental effects of UV
radiation on, e.g., DNA and enzymes (e.g., Santos et al., 2012a;
Ruiz-González et al., 2013) are typically held responsible for this
negative effect, yet an alternative explanation for our observa-
tion may be that compounds liberated during radiation mediated
degradation of recalcitrant OM negatively affected some members
FIGURE 1 | Mean (±SE) community metabolic diversity (CMD) of the
four treatments after 5 days incubation. Bars with the same letters are
not signiﬁcantly different (two-way ANOVA with Tukey’s HSD post hoc test,
n = 5, p < 0.05).
Frontiers in Microbiology | Aquatic Microbiology October 2013 | Volume 4 | Article 317 | 2
“fmicb-04-00317” — 2013/10/28 — 10:51 — page 3 — #3
Hunting et al. UV-OM shape bacterial functional diversity
FIGURE 2 | Bray–Curtis-based dendrogram representing level of similarity between sets of substrates used by the bacterial communities after 5 days
incubation at four different conditions.
of the bacterial community. It has been demonstrated that
photodegradation of OM creates biologically useful low molec-
ular weight compounds that can promote bacterial production
(Biddanda and Cotner, 2003; Obernosterer and Benner, 2004;
Anesio et al., 2005), as well as toxic hydrogen peroxide, free rad-
icals and other compounds that inhibit bacterial growth (e.g.,
Mopper and Zhou, 1990; Scully et al., 1996; Anesio et al., 2000;
Tranvik and Bertilsson, 2001). Substituted organic molecules and
aromatic products may also form during this process (Mill et al.,
1980; Wiegman et al., 2002). Recalcitrant OM, in contrast to labile
OM, contains substantial amounts of aromatic compounds (e.g.,
phenols, lignins, humic acid) that are known to strongly absorb
UV-B and to be susceptible to photo degradation (Zepp et al.,
1985; Benner andKaiser,2011). UV radiation thereforemore likely
affected the chemical composition of recalcitrant OM than labile
OM in this study, explaining why in the present study radiation
effects were most prominent on peat. UV radiation thus affects
sediment bacteria directly by damaging DNA and extracellular
enzymes and indirectly by altering OM composition, an impor-
tant driver for bacterial functioning (cf. Meyer et al., 1987; Tranvik
and Kokalj, 1998; Engelhaupt et al., 2002; Docherty et al., 2006;
Köhler et al., 2012).
The results presented here demonstrated that effects of UV
radiation on bacterial functional diversity can occur within the
top layer of the sediment–water interface, a prominent habitat
in mudﬂats, lakes, streams, and wetlands. UV radiation on sedi-
ments has also been shown to degrade particulate OM to dissolved
OM (DOM) in coastal sediments, increasing bio-available DOM
concentrations and likely fueling heterotrophic bacterial produc-
tion (Mayer et al., 2011). A large part (more than 50%) of the
dead OM-pool becomes trapped in subsurface sediments (Herbst,
1980; Metzler and Smock, 1990). Sediment re-suspension due to
wave action (e.g., Sheng and Lick, 1979; Wainright and Hopkin-
son,1997) or (in-)faunal locomotion/bioturbation (e.g.,Meysman
et al., 2006; Hunting et al., 2012) is common in shallow waters
and substantially increases the amount of OM exposed to UV.
This suggests that UV radiation can be an important sorting
mechanism (e.g., Mann and Wetzel, 1995; Santos et al., 2012b)
and driver of bacterial functioning in shallow water bodies and
wetlands.
CONCLUSION
This study tested the effect of UV radiation on the functional com-
position of bacterial communities in shallow aquatic sediments
and showed that an interaction between bacterial community
metabolism, UV radiation and OM composition occurs at the
boundary of sediment and water. Although these results were
obtained in simpliﬁed systems under laboratory conditions, we
conclude that adverse effects of UV radiation on the metabolic
diversity are most profound in the presence of recalcitrant OM
and that the interaction between UV radiation and OM compo-
sition can be an important driver for the functional composition
of bacterial communities in shallow benthic environments. This
outcome hints that UV radiation is a currently overlooked, but
important sorting mechanism and driver of bacterial functioning
in shallow waters and wetlands.
ACKNOWLEDGMENTS
The research presented in this paper was ﬁnanced by the National
Institute for Public Health and the Environment (RIVM). The
authors are grateful to the reviewers for their constructive
comments on earlier drafts of the manuscript.
www.frontiersin.org October 2013 | Volume 4 | Article 317 | 3
“fmicb-04-00317” — 2013/10/28 — 10:51 — page 4 — #4
Hunting et al. UV-OM shape bacterial functional diversity
REFERENCES
Anesio, A. M., Granéli, W., Aiken,
G. R., Kieber, D. J., and Mopper,
K. (2005). Effect of humic sub-
stance photodegradation on bacterial
growth and respiration in lake water.
Appl. Environ. Microbiol. 71, 6267–
6275. doi: 10.1128/AEM.71.10.6267-
6275.2005
Anesio, A. M., Theil-Nielsen, J.,
and Granéli, W. (2000). Bac-
terial growth on photochemically
transformed leachates from aquatic
and terrestrial primary producers.
Microb. Ecol. 40, 200–208.
Baldy, V., Chauvet, E., Charcosset, J.,
and Gessner, M. O. (2002). Micro-
bial dynamics associated with leaves
decomposing in the mainstem and
ﬂoodplain pond of a large river.
Aquat. Microb. Ecol. 28, 25–36. doi:
10.3354/ame028025
Benner, R., and Kaiser, K. (2011).
Biological and photochemical trans-
formations of amino acids and
lignin phenols in riverine dissolved
organic matter. Biogeochemistry 102,
209–222. doi: 10.1007/s10533-010-
9435-4
Biddanda, B. A., and Cotner, J. B.
(2003). Enhancement of dissolved
organic matter bioavailability by sun-
light and its role in the carbon cycle
of Lakes Superior and Michigan. J.
Great Lakes Res. 29, 228–241. doi:
10.1016/S0380-1330(03)70429-8
Docherty, K. M., Young, K. C., Maurice,
P. A., and Bridgham, S. D. (2006).
Dissolved organic matter concentra-
tion and quality inﬂuences upon
structure and function of freshwater
microbial communities. Microb. Ecol.
52, 378–388. doi: 10.1007/s00248-
006-9089-x
Engelhaupt, E., Bianchi, T. S., Wet-
zel, R. G., and Tarr, M. A. (2002).
Photochemical transformations
and bacterial utilization of high-
molecular-weight dissolved organic
carbon in a southern Louisiana
tidal stream (Bayou Trepagnier).
Biogeochemistry 62, 39–58. doi:
10.1023/A:1021176531598
Garland, J. L. (1997). Analysis and
interpretation of community-level
physiological proﬁles in microbial
ecology. FEMS Microbiol. Ecol.
24, 289–300. doi: 10.1111/j.1574-
6941.1997.tb00446.x
Garland, J. L. (1999). “Potential and
limitations of BIOLOG for microbial
community analysis,” in Microbial
Biosystems: New Frontiers. Proceed-
ings of the 8th International Sympo-
sium on Microbial Ecology, eds C. R.
Bell, M. Brylinski, and P. Johnson-
Green (Halifax: Atlantic Canada
Society for Microbial Ecology), 1–7.
Garland, J. L., and Mills, A. L. (1991).
Classiﬁcation and characterization of
heterotrophic microbial communi-
ties on the basis of patterns of
community-level sole-carbon source
utilization. Appl. Environ. Microbiol.
57, 2351–2359.
Hammer,Ø.,Harper,D.A. T., andRyan,
P. D. (2001). PAST: paleontological
statistics software package for edu-
cation and data analysis. Palaeontol.
Electron. 4, 9.
Hättenschwiler, S., and Vitousek, P. M.
(2000). The role of polyphenols in
terrestrial ecosystemnutrient cycling.
Trends Ecol. Evol. 15, 238–243. doi:
10.1016/S0169-5347(00)01861-9
Herbst, G. N. (1980). Effect of burial
on food value and consumption of
leaf detritus by aquatic invertebrates
in a lowland forest stream. Oikos 35,
411–424. doi: 10.2307/3544658
Hunting, E. R., Franken, O., Knop-
perts, F., Kraak, M. H. S., Vargas,
R., Rolling, W. F. M., et al. (2013a).
Substrate as a driver of sponge dis-
tributions in mangrove ecosystems.
Mar. Ecol. Prog. Ser. 486, 133–141.
doi: 10.3354/meps10376
Hunting, E. R., Mulder, C., Kraak, M.
H. S., Breure, A. M., and Admi-
raal, W. (2013b). Effects of copper
on invertebrate-sediment interac-
tions. Environ. Pollut. 180, 131–135.
doi: 10.1016/j.envpol.2013.05.027
Hunting, E. R., Whatley, M. H., van
der Geest, H. G., Mulder, C., Kraak,
M. H. S., Breure, A. M., et al.
(2012). Invertebrate footprints on
detritus processing, bacterial com-
munity structure, and spatiotempo-
ral redox proﬁles. Freshw. Sci. 31,
724–732. doi: 10.1899/11-134.1
Kampfraath, A. A., Hunting, E. R., Mul-
der, C., Breure, A. M., Gessner, M.
O., Kraak, M. H. S., et al. (2012).
DECOTAB – a multipurpose stan-
dard substrate to assess effects of
litter quality on microbial decom-
position and invertebrate consump-
tion. Freshw. Sci. 31, 1156–1162. doi:
10.1899/12-075.1
Kelly, D. J., Bothwell, M. L., and
Schindler, D. W. (2003). Effects of
solar ultraviolet radiation on stream
benthic communities: an intersite
comparison. Ecology 84, 2724–2740.
doi: 10.1890/02-0658
Köhler, B., von Wachenfeldt, E.,
Kothawala, D., and Tranvik, L.
(2012). Reactivity continuum of dis-
solved organic carbon decomposi-
tion in lake water. J. Geophys. Res.
117, G01024. doi: 10.1029/2011JG0
01793
Mann, C. J., and Wetzel, R. G.
(1995). Dissolved organic carbon and
its utilization in a riverine wetland
ecosystem. Biogeochemistry 31, 99–
120. doi: 10.1007/BF00000941
Mayer, L. M., Thornton, K. H., and
Schick, L. L. (2011). Bioavailability of
organic matter photodissolved from
coastal sediments. Aquat. Microb.
Ecol. 64, 275–284.
Metzler, G. M., and Smock, L. A. (1990).
Storage and dynamics of subsurface
detritus in a sand-bottomed stream.
Can. J. Fish. Aquat. Sci. 47, 588–594.
doi: 10.1139/f90-067
Meyer, J. L., Edwards, R. T., and
Risley, R. (1987). Bacterial growth
on dissolved organic carbon from a
blackwater river. Microb. Ecol. 13,
13–29
Meysman, F. J., Middelburg, J. J., and
Heip, C. H. (2006). Bioturbation:
a fresh look at Darwin’s last idea.
Trends Ecol. Evol. 21, 688–695. doi:
10.1016/j.tree.2006.08.002
Mill, T.,Hemdry,D.G., andRichardson,
H. (1980). Free-radical oxidants in
natural waters. Science 207, 886–887.
doi: 10.1126/science.207.4433.886
Mopper, K., and Zhou, X. (1990).
Hydroxyl radical photoproduction in
the sea and its potential impact
on marine processes. Science 250,
661–664. doi: 10.1126/science.250.
4981.661
Morris, D. P., Zagarese, H., Williamson,
C. E., Balseiro, E. G., Hargreaves, B.
R., Modenutti, B., et al. (1995). The
attenuation of solar UV radiation in
lakes and the role of dissolved organic
carbon. Limnol. Oceanogr. 40, 1381–
1391. doi: 10.4319/lo.1995.40.8.
1381
Myers, R. T., Zak, D. R., White,
D. C., and Peacock, A. (2001).
Landscape-level patterns of micro-
bial composition and substrate use
in upland forest ecosystems. Soil
Sci. Soc. Am. J. 65, 359–367. doi:
10.2136/sssaj2001.652359x
Obernosterer, I., and Benner, R. (2004).
Competition between biological and
photochemical processes in the min-
eralization of dissolved organic car-
bon. Limnol. Oceanogr. 49, 117–124.
doi: 10.4319/lo.2004.49.1.0117
Paul, A., Dziallas, C., Zwirnmann, E.,
Gjessing, E. T., and Grossart, H.
P. (2012). UV irradiation of natu-
ral organic matter (NOM): impact
on organic carbon and bacteria.
Aquat. Sci. 74, 443–454. doi:
10.1007/s00027-011-0239-y
Piccini, C., Conde,D., Pernthaler, J., and
Sommaruga, R. (2009). Alteration
of chromophoric dissolved organic
matter by solar UV radiation causes
rapid changes in bacterial commu-
nity composition. Photochem. Pho-
tobiol. Sci. 8, 1321–1328. doi:
10.1039/b905040j
Ruiz-González, C., Rafael, S., Ruben,
S., and Gasol, J. M. (2013).
Away from darkness: a review
on the effects of solar radiation
on heterotrophic bacterioplankton
activity. Front. Microbiol. 4:00131.
doi: 10.3389/fmicb.2013.00131
Salles, J. F., Poly, F., Schmid, B., and
Roux, X. L. (2009). Community
nichepredicts the functioningof den-
itrifying bacterial assemblages. Ecol-
ogy 90, 3324–3332. doi: 10.1890/09-
0188.1
Santos, A. L., Oliveira, V., Bap-
tista, I., Henriques, I., Gomes, N.,
Almeida, A., et al. (2012a). Wave-
lengthdependence of biological dam-
age induced by UV radiation on bac-
teria.Arch.Microbiol. 195, 63–74. doi:
10.1007/s00203-012-0847-5
Santos, A. L., Oliveira, V., Baptista, I.,
Henriques, I., Gomes,N. C.,Almeida,
A., et al. (2012b). Effects of UV-B
radiation on the structural and phys-
iological diversity of bacterioneuston
and bacterioplankton. Appl. Envi-
ron. Microbiol. 78, 2066–2069. doi:
10.1128/AEM.06344-11
Scully, N. M., McQueen, D. J., and Laen,
D. R. S. (1996). Hydrogen peroxide
formation: the interaction of ultravi-
olet radiation and dissolved organic
carbon in lake waters along a 43–
75◦N gradient. Limnol. Oceanogr. 41,
540–548. doi: 10.4319/lo.1996.41.3.
0540
Sheng, Y. P., and Lick, W. (1979).
The transport and resuspension of
sediments in a shallow lake. J. Geo-
phys. Res. 84, 1809–1826. doi:
10.1029/JC084iC04p01809
Sulzberger, B., and Durisch-Kaiser,
E. (2009). Chemical characteriza-
tion of dissolved organic matter
(DOM): a prerequisite for under-
standing UV-induced changes of
DOM absorption properties and
bioavailability. Aquat. Sci. 71,
104–126. doi: 10.1007/s00027-008-
8082-5
Tranvik, L., and Kokalj, S. (1998).
Decreased biodegradability of algal
DOC due to interactive effects of UV
radiation and humic matter. Aquat.
Microb. Ecol. 14, 301–307. doi:
10.3354/ame014301
Tranvik, L. J., and Bertilsson, S.
(2001). Contrasting effects of solar
UV radiation on dissolved organic
sources for bacterial growth. Ecol.
Lett. 4, 458–463. doi: 10.1046/j.1461-
0248.2001.00245.x
Wainright, S. C., and Hopkinson, C. S.
Jr. (1997). Effects of sediment resus-
pension on organicmatter processing
in coastal environments: a simulation
model. J. Mar. Syst. 11, 353–368. doi:
10.1016/S0924-7963(96)00130-3
Frontiers in Microbiology | Aquatic Microbiology October 2013 | Volume 4 | Article 317 | 4
“fmicb-04-00317” — 2013/10/28 — 10:51 — page 5 — #5
Hunting et al. UV-OM shape bacterial functional diversity
Wetzel, R. G., Hatcher, P. G.,
and Bianchi, T. S. (1995). Natu-
ral photolysis by ultraviolet irradi-
ance of recalcitrant dissolved organic
matter to simple substrates for
rapid bacterial metabolism. Lim-
nol. Oceanogr. 40, 1369–1380. doi:
10.4319/lo.1995.40.8.1369
Wiegman, S., Termeer, J. A. G., Ver-
heul, T., Kraak, M. H. S., de Voogt,
P., Laane, R. W. P. M., et al. (2002).
UV absorbance dependent toxicity
of acridine to the marine diatom
Phaeodactylum tricornutum. Envi-
ron. Sci. Technol. 36, 908–913. doi:
10.1021/es010149q
Zepp, R. G., Erickson III, D. J., Paul,
N. D., and Sulzberger, B. (2011).
Effects of solar UV radiation and
climate change on biogeochemical
cycling: interactions and feedbacks.
Photochem. Photobiol. Sci. 10, 261–
279. doi: 10.1039/c0pp90037k
Zepp, R. G., Schlotzhauer, P. F., Merritt,
R., and Sink, R. M. (1985). Photo-
sensitized transformations involving
electronic energy transfer in natu-
ral waters: role of humic substances.
Environ. Sci. Technol. 19, 74–81.
Conflict of Interest Statement: The
authors declare that the research was
conducted in the absence of any com-
mercial or ﬁnancial relationships that
could be construed as a potential con-
ﬂict of interest.
Received: 22 August 2013; accepted: 07
October 2013; published online: 28 Octo-
ber 2013.
Citation: Hunting ER, White CM, van
Gemert M, Mes D, Stam E, van der
Geest HG, Kraak MHS and Admiraal W
(2013) UV radiation and organic matter
composition shape bacterial functional
diversity in sediments. Front. Micro-
biol. 4:317. doi: 10.3389/fmicb.2013.
00317
This article was submitted to Aquatic
Microbiology, a section of the journal
Frontiers in Microbiology.
Copyright © 2013 Hunting, White, van
Gemert, Mes, Stam, van der Geest, Kraak
and Admiraal. This is an open-access
article distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or repro-
duction in other forums is permitted,
provided the original author(s) or licensor
are credited and that the original publica-
tion in this journal is cited, in accordance
with accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.
www.frontiersin.org October 2013 | Volume 4 | Article 317 | 5
